ABSTRACT. To develop an effective method to isolate an injured pathogenic Yersinia enterocolitica O:8 organism from environmental samples, we compared the isolation of freeze-injured and non-injured Y. enterocolitica O:8 and found that the isolation was more successful when immuno-magnetic separation (IMS) with anti-Y. enterocolitica O:8 antibody was used. Plating onto cefsulodin-irgasan-novobiocin (CIN) agar and Virulent Yersinia enterocolitica (VYE) agar by means of the agar layer method was found to be effective in isolating the injured cells. The alkali treatment which is generally used for selective detection of Yersinia organism failed to isolate freeze-injured pathogenic Y. enterocolitica O:8 cells. Recovery methods without using the alkali treatment were superior for detecting freeze-injured Y. enterocolitica O:8. Our results demonstrate that the IMS and the agar layer methods should be used to isolate injured pathogenic Yersinia organisms from environmental samples such as water.
. The main source of O:3 and O:5,27 infection is meat. On the other hand, infection with Y. enterocolitica O:8 results from water contaminated with the micro-organism [9] . It is suspected that soil and water become contaminated with these bacteria via wild rodents, which are an important natural reservoir of these pathogenic serovars [8] .
In this study, the methods for isolating O:8 from water were studied. Alkali treatment that kills a large number of competing bacteria but not alkali-tolerant Yersinia organisms has generally been used as an effective method for the selective isolation of Yersinia organisms [2, 4, 6] . However, bacteria including Yersinia are injured by a variety of inimical processes, such as acidification, heating, and freezing [1, 19] and other various environmental stresses. As a result of decreased tolerance to these stresses, the injured bacteria can not form colonies on selective agars on which noninjured cells can grow [7, 11] . Alkali treatment is likely to affect Y. enterocolitica that are injured in environmental waters and thus have their alkali tolerance compromised.
It is known that immuno-magnetic separation (IMS) with a specific antibody is effective for isolating non-injured Y. enterocolitica O:3 and O:8 [16, 25] . This process has been observed in other bacteria as well [3, 10, 18, 20] . Furthermore, the agar layer method can resuscitate injured foodborne pathogens in foods [14, 15] . In this study, we found that recovery methods without using the alkali treatment were superior for detecting freeze-injured Y. enterocolitica O:8 in environmental samples.
MATERIALS AND METHODS

Preparation of immuno-magnetic beads:
Pathogenic Y. enterocolitica O:8 strain (biotype 1B, YE92012) was cultured in 500 ml of trypticase soy broth (TSB) (BBL Microbiology Systems, Cockeysville, MD) at 25°C for 24 hr with shaking. To heat-kill the bacteria, the culture was heated for 1 hr at 105°C in an autoclave. The bacterial cells were washed three times with saline by centrifuging at 2,000 × g for 30 min, and re-suspending in saline at 2 mg/ml. CFU/ml), and diluted to 10 1 -10 4 CFU/ml in 10-fold in saline. To prepare river water that was artificially inoculated with Y. enterocolitica O:8, each bacterial dilution was added to nine times the volume of concentrated river water. The river water inoculated with Y. enterocolitica O:8 at 0.5 ml was diluted with an equal volume of saline and mixed with 25 µl of immuno-magnetic bead solution. IMS was carried out following the manufacturer's instructions. For KOH treatment, an equal volume of 0.72% KOH in saline was added to 0.5 ml of each bacterial solution and mixed using a vortex mixer (Automatic Labo-Mixer, Iuchiseieido Co., Ltd.) for 30 s. After either the IMS method or the KOH treatment, 0.1 ml of each final solution was spread onto cefsulodin-irgasan-novobiocin (CIN) agar [23] and Virulent Yersinia enterocolitica (VYE) agar [5] , both of which were supplemented with cefsulodin (15.0 mg/liter), irgasan (4.0 mg/liter) and novobiocin (2.5 mg/liter) (YERSINIA Selective Supplement) (Oxoid, Ltd., Hampshire, UK). After incubation for 48 hr at 25°C, the numbers of typical colonies on the agar media were counted, and the colonies were confirmed to be Y. enterocolitica O:8 using the slide agglutination method.
Comparison of freeze-injury among four Y. enterocolitica O:8 strains:
Colonies of four Y. enterocolitica O:8 strains, YE92012, YE91009, YE92009, and WA, were grown on TSA and suspended to a turbidity equivalent to a No. 4 McFarland standard in 5 ml of chilled sterilized reagent grade water obtained with a Milli-Q Plus filter (Nihon Millipore Ltd., Tokyo, Japan) and were sedimented by centrifugation at 2,000 × g for 30 min. The cells were washed three times with the reagent grade water and finally were re-suspended in the reagent grade water at a density of 10 0 -10 4 CFU/ml. The cell suspensions were kept in a freezer at -20°C for 24 hr, thawed, and then 0.1 ml of each suspension was spread onto TSA and CIN. The number of freeze-injured Y. enterocolitica O:8 cells was estimated by subtracting the number of CFU on CIN as a selective medium from the number of CFU on TSA as a non-selective medium. After incubation for 48 hr at 25°C, the numbers of colonies on the media were counted.
Comparison of the selective media for recovery of freezeinjured Y. enterocolitica O:8: A portion (0.1 ml) of freezeinjured cells (approximately 10 3 CFU/ml) of strain YE92012 was spread directly onto TSA, CIN, and VYE. For the agar layer method, 0.1 ml of freeze-injured cell suspension was spread onto CIN and VYE agar, on which CIN and VYE agar without the supplements was overlaid thinly, respectively. After incubation for 48 hr at 25°C, the numbers of colonies on the media were counted.
Detection of freeze-injured Y. enterocolitica O:8 cells in inoculated fresh water by IMS and direct KOH treatment:
Fresh water was collected from a river in Tokyo, Japan, and examined on the same day. The means of the aerobic plate count and viable coliform count in the fresh river water samples were 6.6 × 10 2 and 15 log CFU/ml, respectively. The number of Yersinia spp. in the five rivers was <10 2 CFU/ml. The river water was concentrated using the method described above. Freeze-injured Y. enterocolitica O:8 cells (strain YE92012) and dilutions in PBS were inoculated into the concentrated river water. One ml of the inoculated river water was used for IMS and direct KOH treatment to recover Y. enterocolitica O:8. Each final solution (0.1 ml) was spread directly onto CIN, VYE, and an agar layer plate with VYE. After incubation for 48 hr at 25°C, the numbers of typical colonies on the media were counted, and the colonies were confirmed to Y. enterocolitica O:8 using the slide agglutination method.
Statistical analysis: For statistical analysis of the results, the software package SPSS for Windows (SPSS Japan Inc., Tokyo) was used. Significant differences in the percentage of recovery of Y. enterocolitica O:8 among the selective agars were tested with t tests. Significant differences in the rate of recovery of Y. enterocolitica O:8 among the selective agars were tested with the Fisher exact test. For all tests, a P value of <0.05 was used for significance.
RESULTS
Y. enterocolitica O:8 was recovered at 20% of the ratio from artificially inoculated saline at 6.1 × 10 -6.1 × 10 3 CFU/ml (Table 1) . On the other hand, the recovery ratios of serogroups O:3, O:5,27 and O:9 were less than 1.0% using the 0:8 antisera.
At an inoculation level of 100 CFU/ml, Y. enterocolitica O:8 was isolated from all samples using IMS with both agar Table 2) . At an inoculation level of 10 CFU/ml, Y. enterocolitica O:8 was isolated from three out of 5 samples using the IMS method with CIN, whereas it was isolated from only one out of 5 samples using IMS with VYE and using the direct KOH treatment with both agar media. However, the micro-organism was not isolated from any sample inoculated at a concentration below 1 CFU/ml. As a result, more than 90% of the population in each strain was injured by freezing (Table 3) . YE92012, an easily injured strain, was used in the following experiments.
The recovery ratios on CIN, VYE, the agar layer plate with CIN, and the agar layer plate with VYE were 5.6, 8.4, 8.9, and 16.5%, respectively ( Table 4 ). The agar layer plate with VYE resulted in a recovery of more Y. enterocolitica O:8 than any other media. However, significant difference was not observed among them.
Using IMS with CIN and an agar layer plate with VYE, Y. enterocolitica O:8 was isolated from all samples inoculated at a level of 100 CFU/ml, and two out of 4 samples inoculated at a level of 10 CFU/ml (Table 5) . Moreover, the organism was isolated from only one out of 4 samples inoculated at a level of 1 CFU/ml using IMS with an agar layer plate with VYE. By the direct KOH treatment with CIN and an agar layer plate with VYE, Y. enterocolitica O:8 was isolated from all samples inoculated at a level of 10 4 CFU/ml, and from two out of 4 samples inoculated at a level of 10 3 CFU/ml. However, the organism was not isolated from any sample inoculated with injured cells at a level of 10 CFU/ml by direct KOH treatment. IMS seemed to be more effective than direct KOH treatment for recovering freeze-injured Y.
enterocolitica O:8 in river water inoculated with the microorganism although no significant differences in the rate of recovery of Y. enterocolitica O:8 among the selective agars in the same bacterial concentration was obserbed. It is suspected that the alkali treatment kills or damages injured Y. enterocolitica O:8. It is known that VYE agar is a useful medium for the isolation of pathogenic Y. enterocolitica strains from environmental samples that are highly contaminated with environmental Yersinia spp. [5] . Virulent Y. enterocolitica forms a red colony on VYE agar and is easily differentiated from most environmental Yersinia spp. and other gram-negative bacteria. CIN is generally used for the isolation of Y. enterocolitica, although virulent Y. enterocolitica is not distinguished from non-virulent Yersinia spp. on CIN. An agar layer method [14] was used to recover injured Y. enterocolitica in this study. During the resuscitation of injured cells on the top agar layer of CIN or VYE, the selective agents in selective plating medium diffused to a non-selective medium to inhibit the other microorganisms. As a result, the recovery of Y. enterocolitica by the agar layer method with VYE was higher than the recovery achieved by the method with CIN and direct plating on VYE and CIN (Table 4 ). These data indicate that the agar layer plate with VYE was the most effective medium for the recovery of injured Y. enterocolitica O:8 when competitive growth in environmental samples is inhibited by antibiotics. On an agar layer medium with VYE, pathogenic Y. enterocolitica O:8 colonies could be easily differentiated from the nonpathogenic colonies in this study.
In conclusion, this study shows that IMS is an efficient method for isolating injured pathogenic Y. enterocolitica from environmental samples, and that an agar layer medium with VYE is effective for achieving this isolation. These results also suggest that immuno-magnetic beads for several serovars of pathogenic Y. enterocolitica may also be useful.
